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Changes In The Relative Global Production of Food Animals 

Global food security/food safety:  
Poultry production is projected to rise the most among the meats over the next 
decade as poultry is the most efficient feed-to-meat converter. 
                                                                    USDA Long-term Projections, February, 2010 



Current Challenges in Poultry Production: 
Just few examples…. 

Antibiotics/AGPs      Organic farming 
 

Nutrition/diet  Innate immunity 
  
 

Climate changes 

Biofuels/Bioproducts 

Biosecurity  

Animal well-being 

Food safety  

 Global food security  

 

 

 

 

Coccidiosis 

Necrotic enteritis 

Gangrenous dermatitis 

Dysbacteriosis 

Campylobacter  

Gut microbiota  

 
 

 

 
Industry: Safe food, efficient, cost-effective, affordable, 

quality of food, nutrient profiling,  waste management, 
science-based technology….. 



 
 COMMENT  32 | NATURE | VOL 472 | 7 APRIL 2011 



“Get pigs off antibiotics” 
Frank Aarestrup explains how he helped Denmark to cut the use 

of antibiotics in its livestock by 60%, and calls on the rest of the 

world to follow suit 

4 6 6 | N AT U R E | VO L 4 8 6 | 2 8 J U N E 2 0 1 2  



http://ec.europa.eu/food/food/animalnutrition/feedadditives/registeradditives_en.htm 

Anticoccidials:  
EU and Asia regulations 



Necrotic 

Enteritis  
>$ 2 billion 

 

Coccidiosis 

>$ 3.2 billion: 

 

Enteric Health 



              Coccidiosis and Necrotic Enteritis 

 In the United States, necrotic enteritis (NE) and coccidiosis are among 
the most important infectious diseases in chickens (Smith and Helm, 
2008). Clinical signs of coccidiosis include sudden loss of body weight, 
diarrhea, gross lesion, hemorrhage.  

 Domestic chickens are host to several distinct species of Eimeria.  Field 
infections are mixed. Infection with Eimeria spp. leads to protection 
against homologous but not against heterologous spp. Coccidiosis is a 
primary risk factor for NE. 

 The etiologic agent of NE is Clostridium perfringens, a gram-positive, 
anaerobic, spore-forming bacterium that is transmitted by the fecal-
oral route as well as through contaminated feed, water, housing 
structures, and insects (Williams et al., 2003).  

 Increasing trends of legislative restrictions of AGPs worldwide has 
contributed to enhanced coccidiosis and NE outbreak. 

 



Species-specific protective immunity:  

a challenge to develop a multivalent coccidiosis vaccine  
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Alternatives to AGP? 
How do they work? Safety? Synergy? Stability? 
Interrupt microbiota? Work on my chicken strain?  
Virus? Bacteria? Parasites? 
 

 

Prebiotics/ 

probiotics 
TLR 
agonists 

Herbs/ 

essential oils 

Hyperimmune 
    antibodies 

Recombinant 
vaccines Bacteriophages 

Enzymes   AMPs 



Antibiotics alternatives for coccidiosis? 

Identify innate immune molecules that: 
1) have broad spectrum anti-coccidial activities,  
2) do not elicit host resistance against them, 
3) are not labor-intensive for applying for industry 



Initial interaction of sporozoites with macrophages 
starts local inflammatory response (innate) which 
triggers cell infiltration (Innate immune cells) and 
long-lasting memory (adaptive) immune response 

Sporozoites in  

macrophages 

2-4 hrs after invasion 

Local inflammatory response, lymphocyte infiltration, 

cytokine production (Th1, Th2, Th17, Treg) 

Lillehoj , 2006. Exp. Rev. Vaccines 5 (1):143-163. 

Eimeria 

CD8 



Importance of IEL NK cells in resolution of 
intracellular parasitism in poultry coccidiosis 

Chicken IELs are composed of 21% CD3+, 70% 
CD8+, and 9% CD4+ T lymphocytes with about 
30% of the CD8+ subset possessing NK cell 
activity  
 
Lillehoj, HS ans Chai, JY. 1988.  Dev. Comp. 
Immunol. 12(3):629-643.  
 
Chai, JY, and Lillehoj, HS. 1988. Immunology 
63(1):111-117. 

 



In human: An antimicrobial activity of  
cytolytic  T Cells are mediated by granulysin. 
 
-      CTLs kill intracellular pathogens by a granule-  
-      dependent mechanism.  
        
            Granulysin, a protein found in granules of CTLs,    
            reduce the viability of a broad spectrum of 
            pathogenic bacteria, fungi, and parasites in vitro. 

 
-      Granulysin directly kills Mycobacterium   
-     tuberculosis altering the membrane integrity of  
-     the bacillus in combination with perforin,  
-     decreased the viability of intracellular M. 
-     tuberculosis. (Linde et al., 2005. Infect. Immun. 73:6332). 

 

 
 

In chickens, no appropriate surface markers efficiently discriminate 
chicken NK cells from T lymphocytes.  CD4+ and CD8+ cells expressed 
equal amounts of NK lysin, but IELs depleted of CD8+ cells exhibited 
reduced NK-lysin transcript levels.                           
                                             Hong et all, 2008,  Avian Diseases 52: 302-305. 



Discovery of avian homologue of NK lysin involved 

in local response to Eimeria using genomics   

Min et al., 2005. Molecular Biotechnology 30:143-150 



NK-lysin, chicken 

NK-lysin, porcine 

NK-lysin, bovine 

NK-lysin, equine 

granulysin, human 

---------------MAAALIVLLALGAAVQVAVTEPPRDDHRDLDAGSHWEQQWHLLQD  45 

-------------------------------PGLAFSGLTPEHSALARAHPCDGEQFCQN  29 

------------------------------------------------------------ 

MKKMGCGGRLSSCPTMTSRALLLLASALLGTPGLTFSGLNPESYDLATAHLSDGEQFCQG  60 

---------------MATWALLLLAAMLLGNPGLVFSRLSPEYYDLARAHLRDEEKSCPC  45 

 

NK-lysin, chicken 

NK-lysin, porcine 

NK-lysin, bovine 

NK-lysin, equine 

granulysin, human 

                    1  2                           3 

GSAAWDADEGDAMGPGKGIKCRFCVSLVKKVQKIVGDDPDEDAINNALNKVCSTGR-RQR  104 

LAPEDPQGDQLLQREELGLICESCRKIIQKLEDMVGPQPNEDTVTQAASRVCDKMK-ILR  88 

---EDPQGDLLLQGEELSLRCGSCRRIIQHLMDKLGDQPDENTVIEEASKVCSKMR-LLK  56 

LTQEDLQGDLLTERERQGIACWSCRKILQKLEDLVGEQPNEATINEAASRVCRNLG-LLR  119 

LAQEGPQGDLLTKTQELGRDYRTCLTIVQKLKKMV-DKPTQRSVSNAATRVCRTGRSRWR  104 

       .:        .     *  ::::: . :  .* : :: :  .:** .     : 

 

NK-lysin, chicken 

NK-lysin, porcine 

NK-lysin, bovine 

NK-lysin, equine 

granulysin, human 

  4 

SICK---------------------------------------QLLKKLRQQLSDALQNN  125 

GVCK---------------------------------------KIMRTFLRRISKDILTG  109 

GLCKSIMKKFLRTIAEDIVAGKTSQVICVDIKMCKSKPVGFIKKIMRTCLRLISRDILAG  116 

GACK---------------------------------------KIMRTCLRLISRDILAG  140 

DVCR---------------------------------------NFMRRYQSRVTQGLVAG  125 

. *:                                       ::::     ::  :  . 

 

NK-lysin, chicken 

NK-lysin, porcine 

NK-lysin, bovine 

NK-lysin, equine 

granulysin, human 

      5     6   

DDPRDVCTTLGLCKG-----  140 

KKPQAICVDIKICKEKTGLI  129 

KKPQEVCVDIKLCKHKAGLI  136 

KKPQEVCVDIKLCKHKAGLI  160 

ETAQQICEDLRLCIPSTGPL  145 

. .: :*  : :*   

Comparison of predicted amino acid 
sequences of chicken, porcine, bovine and 
equine NK-lysin and human granulysin 
using the CLUSTAL W (1.82) program. The 
six conserved cysteine residues are 
numbered 1-6.  Asterisks (*) indicate 
identical amino acid residues.  

Hong et all, 2006, Molecular cloning and characterization of chicken NK-lysin. 
                                                         Vet. Immunol. Immunopathol. 110:339-47. 



Phylogram based on deduced amino acids sequences of 
buffalo and various species GNLY/NK-lysin. 

 
A phylogenetic tree or evolutionary tree is a branching diagram or  “tree” showing the inferred 

evolutionary relationships among various biological  species or other entities based upon similarities 

and differences in their physical and/or genetic characteristics. The taxa joined together in the tree are 

implied to have descended from a common ancester. 

• Comparison of these amino acid sequences using the CLUSTAL W (1.82) 
program revealed 15% identity of chicken NK-lysin to the porcine and human 
proteins, 14% to bovine NK-lysin, 17% to equine NK-lysin.  
• Comparison of mammalian NK-lysins and human granulysin among themselves 
revealed levels of homology ranging 36% (bovine NK-lysin versus human 
granulysin) and 67% (porcine versus equine NK-lysin). 



Biochemical characterization and 
recombinant chicken NK lysin expression 



NK lysin secretion and tissue 
distribution in coccidiosis 



Anti-microbial activity of recombinant chicken  
NK lysin proteins  (In vitro and in vivo studies)  
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In vitro effects of NK lysin expressed in plant vectors  



Effect of oral feeding of silk worm-
expressed chicken NK lysin on coccidiosis 



Local NK lysin secretion: Mode of action? 



Two-color immunofluoresence showing NK cells secreting NK lysin: 
Red are NK cells and green are secretory NK lysin proteins (A). 
B shows surface-enhanced topography of NK cells secreting NK lysin. 

B A 

CD4+ and CD8+ cells 
expressed equal amounts 
of NK lysin, but IELs 
depleted of CD8+ cells 
exhibited reduced NK-
lysin transcript levels. 
(Hong et al., 2008) 



Cytotoxicity of  rchNK lysin (Cos7) 

NK lysin - treated  

Control 

Control 



Effects of a single nucleotide polymorphism in the chicken NK-lysin gene on 
antimicrobial activity and cytotoxicity of cancer cells. 
Lee et al., 2012  (www.pnas.org/cgi/doi/10.1073/pnas.1209161109) 

(N) to Asp (D) amino acid alteration 
produced by nonsynonymous SNP 

Sequences and properties of NK-lysin peptides 

Antibacterial properties of 
N29N and N29D peptides 

- White leghorn & Cornish chickens 
- Genomic DNA from blood 
- Synthesis of NK-lysin SNP region  
 



Animal Well-Being 

“Maintaining intestinal homeostasis ” 



The good news is 

we’re organic, free-

ranged and 

antibiotic-free.  

The bad news is 

that we’ll be eaten 

by people who eat 

organic, free-range, 

antibiotic-free…..  

www.CartoonStock.com 

Tomorrow’s Poultry 


